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Abstract 
The development of the intelligent green building project (IGBP) is the pursuit of a business strategy of an enterprise in principle 
and the launch of the project in practice. For the effective attainment of the desired goal, the IGBP is integrated with the 
knowledge of construction project management and the application of the Project Definition Rating Index (PDRI) in order to 
combine the needs of pre-project planning. These are the steps to enhance the performance of project execution, make buildings 
energy efficient and reduce carbon emissions. The IGBP-PDRI model proposed to construct in this study is based on the life 
cycle of the engineering to set up different phases of work for process evaluation. The objective of each phase is subject to the 
work breakdown structure. The model of evaluation is divided into 4 sections, 11 categories, and 60 elements. The model has 
been tested empirically. Pre-project planning helps to forecast possible risks in the development of the project. In the course of 
project execution, quality requirement is satisfied through monitoring and control. These help to ensure the operation efficiency 
of the project, to the extent that the automated system of the building supported by green construction can meet the goal of 
sustainable development. 
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1. Introduction 
The intelligent green building in Taiwan has been launched in 2003 with the introduction of the intelligent 
building emblem evaluation system. In 2005, the intelligent living space industry strategy was proposed in the 
industrial strategy conference, which made the launch of the intelligent building a policy of technology industry. In 
2007, the development of the intelligent living space industry was unveiled. From 2012 onwards, public buildings of 
NT$50 million or more shall be introduced with the elements of an intelligent green building. From 2013 onwards, 
all public buildings exceeding NT$200 million are required to apply for the intelligent building emblem and the 
green building emblem. The industry chain of intelligent green building in Taiwan has picked up its momentum in 
development. 
In this study, the green building and intelligent building emblem evaluation indicators and related regulations 
effective in Taiwan are incorporated into the scope of IGBP-PDRI evaluation. The Project Definition Rating Index 
(PDRI) evaluation model developed by the Construction Industry Institute (CII) of USA has been adopted as the 
methodology in this study. The knowledge of construction project management, green building, intelligent building 
index are integrated for the design of the standards of evaluation and build up the IGBP-PDRI pre-project planning 
evaluation model. The model is an attempt to integrate the scope, process, work items and content of intelligent 
green building project management for the effective maximization of the probability of attaining intelligent green 
building development to the desired goal by the construction industry. 
2. Intelligent Green Building Assessment Indicators of Taiwan 
2.1. Intelligent Green Building Assessment Indicators of Taiwan  
The green building evaluation system varies by countries due to the differences in climate conditions, national 
situation, industrial development, social and economic factors with relevant adjustment. The green building 
assessment indicators used in Taiwan consists of 4 categories and 9 sections. Daily energy conservation and efficient 
use of water resources are two necessary items in the evaluation. All other items are subject to evaluation per the 
requirements of the accreditation of the green emblem. In the application for the green building emblem, the 
applicant must complete the evaluation of 4 of the names of indicators as shown in Table 1 (Ho et al., 2012).  
Table 1. Green Building Assessment Indicators used in Taiwan  
Indicator 
Content of indicator 
Name of indictor The subject matter for assessment 
Ecology 
1. Biological diversity indicator  
Ecological green network, the habitat of microorganisms, diversity of 
plants, soil ecology, light hazards, barriers to the movement of 
biological creatures  
2. Green intensity indictor Green intensity, CO2 fixed volume 
3. Base water conservation indicator Water conservation, reservoir and permeability, soft skills in flood 
prevention 
Energy efficiency  4. Daily energy saving indictor (required) Energy savings of the exterior shell, air conditioning, lighting  
Waste reduction  
5. CO2 reduction indicator  Building materials, CO2 emission volume 
6. Waste reduction indicator  Balance of earthwork, reduction of waste 
Health  
7. Indoor environment indicator  Soundproofing, lighting, ventilation, construction materials  
8. Water resource indicator (required) Utensils for water savings, reuse of rain water and reclaimed water  
9. Water pollutants and solid waste 
improvement indicator  
Diversion of rain water and water pollutants, classification of waste, 
compost 
The green building rating and assessment system of Taiwan is based on the 2012 version stated in the Green 
Building Evaluation Handbook (Fundamental). Over the past 20 years, the parameters resulting from the 
implementation of green building policy are subject to assessment and grading by dyadic standard deviation. The 
rating system contains a scale of 5 levels as the standard for the award. In other words, a score of 95% and higher is 
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Diamond Class. A score of 80%~95% is Gold Class. A score of 60%~80% is Silver Class. A score of 30%~60% is 
Bronze Class, and a score lower than 30% is Passing Class. 
The intelligent building indicators include 8 categories depending on the degree of importance of each indicator 
in intelligence. They are classified as Fundamental, Necessary, and Encouraged, as shown in Figure 1. 
Fig. 1. The principles for accreditation of the Intelligent Building Label in Taiwan 
2.2. Description of the PDRI 
PDRI is exclusively developed for the project team as a simple and easy tool for assessment at the pre-project 
phase (Wang & Gibson, 2010). PDRI 1999 has been applied to the construction industry and subject to revision 
twice. The tools adopted by the owners and the contractors have also been considered with the discussion on the 
issues of perpetuity of the project so that the scoring for the assessment at the pre-project phase can be automated 
(CII, 2009a). The process of PDRI at the pre-project phase planning and the development of strategic information 
allow the owners full guarantee of risk in decision-making, particularly in the understanding and degree of 
acceptance of the owners. The objective and guidelines of the project must be explicitly defined for the biggest 
success of the project (Chang et al., 2013a). 
The scope of pre-project planning is defined by the choice of the process. Necessary definition of project scope 
and preparation in the pre-project phase are critical to the outstanding performance of project execution. A good pre-
project plan is critical to the cost, progress, the operation of equipment and performance. Better planning in the pre-
project phase tends to optimize financial success in the entire project. Inadequate or the lack of project scope 
definition will affect the performance of the project, which remains the critical problem in construction (Gibson & 
Dumont, 1996; Chang et al., 2013a). Projects critically undefined in scope will widen the gap between the cost 
objective and final expectation of the outcome, as it will inevitably result in the change, rework and increase of work 
hours for the project and a decline in expected productivity. The success of the detailed design of the construction 
project fully relies on the effort in defining the scope of project during the scope definition phase (Gibson & 
Dumont, 1996). 
This study is focused on a construction project; the PDRI assessment model for industrial project and construction 
project were developed by CII in 1996 and 1999 after lengthy studies (CII, 2009a). From 1983 onward, CII has been 
making great effort in the study of the methods for performance improvement in the domain of construction 
engineering (CII, 2011). PDRI is applicable mainly at the pre-project planning phase. Front-end planning (FEP) fully 
defined the process of the strategic information development with the identification of risk and decision to increase 
the probability of success for the project (CII, 2009b). Further to the information gathered for pre-project planning, 
information on the performance (cost, progress) will also have to be obtained from other data and process (Berlin et 
al., 2009; CII, 2006; Kim et al., 2009). 
The framework of indicators for the evaluation of intelligent buildings
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3. IGBP-PDRI Evaluation Model 
3.1. IGBP-PDRI assessment model design 
We invited 32 scholars and experts in the field, and engineers who have more than 10 years of experience in 
construction project management to interviews in the construction of the framework for the IGBP-PDRI assessment 
model. Of all the interviewees, construction professional accounted for 38%. Professional project managers 
accounted for 28%, academics accounted or 9 %, and corporate management staff accounted for 13%. 
The scope of the project knowledge is defined in Figure 2. The framework is the combination of the project 
management knowledge system, strategic management, and project design phase as the scope for the evaluation of 
pre-project planning. As per the operation requirements, each section is split up into different categories. The logical 
flow of each category will be generated from the logical flow chart of each section and the project duration, as 
shown in Figure 3. This step shows the priority of related operations and provides an explanation on the priority of 
the overall IGBP-PDRI operation goals in the evaluation. 
1.Organization &  
Project strategy 3.Project planning
4.Project 
executing
5.Project Monitoring 
& Controlling Performance
2.Project Design 
Section 1
Project strategy 
Section 2
Project Design 
Section 3
Project planning & Executing 
Project Closing 
Section 4
Project Performance & Closing  
Fig. 2. Definition of the scope of intelligent building project management procedure 
Start End
Category A
Analysis of the 
corporate 
environment
77 points
Category G
Project 
equipment
Category H
Project 
action plan
Category B
Project 
strategy
Category K
Project 
performance
Category J
Project 
Transfertransfer
Category I
Project 
control
Category D
Project 
requirements
Category C
Pre-project 
thinking
Category E
Project 
design
SECTION 4    SECTION 3   SECTION 2SECTION 1 
Category F
Intelligent green 
building evaluation 
criteria
101 points
88 points
65 points
91 points
90 points
144 points
76 points 66 points
129 points
73 points
 
Fig. 3. Category logical flow chart 
Table 2 shows the IGBP-PDRI evaluation model built in this study. The evaluation content covers green building, 
intelligent building and project management. Green building and intelligent building are the evaluation items for 
project development. As for the construction life cycle, the focus varies with different phases in the development 
process. From planning to the delivery of the building, there are different scopes of operation. The category of the 
logical flow chart is used to separate operations in green building project management, and to demonstrate the 
relationship between the operation layers for conversion into the WBS model of project management. 
3.2. Set the weights for IGBP-PDRI in operation 
After the IGBP-PDRI evaluation model has been built, the Sections, Categories and Elements are introduced into 
the PDRI ratings chart as the foundation for subsequent weight assignment. The design of the questionnaire is a 
simple and logical process based on the characteristic vector weight assignment method proposed by Saaty at the 
University of Pittsburgh to assess the relative importance among the Sections, Categories and Elements. The logic of 
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the questionnaire results is then subject to a consistency test (C.I. value). This is necessary for getting the maximum 
characteristic value (λmax) and in order to enhance the validity of the model and decisions. If the C.I. value is smaller 
than 0.1 then the matrix is valid and implies that it can be used and is consistent (Change et al., 2013b). Table 3 
shows the relative weight of the analysis matrix of Category G. 
After the analysis of the weighted IGBP-PDRI, add up the weights of all Sections and Categories and prioritize 
by the level of scoring. From the distribution of weights, we understand the proportion of the Sections and the 
Categories in the IGBP-PDRI assessment model, as shown in Table 4. The calculation method for the total Section 
scores is the sum total of the Category weights. In Section 1, for example, the weight distributions for Category A, B 
and C are 77, 101 and 88, respectively. As such, the sum total of the section weight allocations is 266. 
Table 2. IGBP-PDRI evaluation model 
SECTION 1.  Organization and project strategy 
A. Corporate environment analysis  
A1. Industry environment analysis 
A2. Resource characteristic analysis 
A3. General environment analysis  
A4. Core competence  
A5. Business plan 
B. Project strategy 
B1. Project goals 
B2. Risk assessment  
B3. Financial risk 
B4. Project SWOT analysis 
B5. Project risk impact analysis 
C. Pre-project thinking  
C1. Selection of construction site 
C2. Feasibility study 
C3. Project planning  
C4. Investment estimation  
SECTION 2.  Project design 
D. Project requirements  
D1. Description of requirements  
D2. Intelligent green building planning  
D3. Design planning  
D4. Project sub-contracting requirements 
E. Project design 
E1. Preliminary design  
E2. Detailed design 
E3. Work plan 
E4. Construction permit application  
E5. Tender invitation and bidding 
F. Intelligent green building design  
F1. Application documents for accreditation of green building  
F2. Green building design  
F3. Application documents for nomination of intelligent building for 
accreditation  
F4. Criteria for evaluation of intelligent building  
G. Project equipment 
G1. List of equipment 
G2. Equipment layout  
G3. Equipment utility requirements  
SECTION 3.  Project planning and control 
H. Project action plans 
H1. General work plan 
H2. Project administrative management 
H3. Project quality plan 
H4. Risk management plan 
H5. HR plan 
H6. Project progress schedule 
H7. Project costing plan  
H8. Project procurement management  
H9. Project financial plan 
H10.Communication plan 
H11.Project environment management plan 
H12.Health and safety plan 
I. Project control 
I1. Project progress control 
I2. Project costing control 
I3. QA and QC  
I4. Resource control 
I5. Risk control 
I6. Project procurement control 
I7. Safety guarantee and control 
I8. Environment control 
SECTION 4.  Project transfer for  performance evaluation 
J. Project transfer  
J1. Accreditation of intelligent building label 
J2. Accreditation of green building label 
J3. Document transfer 
J4. Project information transfer 
J5. Project settlement  
J6. Testing documents of equipment (facilities) functional 
operation 
J7. Occupancy permit 
K. Project performance  
K1. Efficiency and efficacy  
K2. Design and process performance  
K3. Project management performance  
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Table 3. An example of characteristic vector weight analysis 
CATEGORY G. G1. List of equipment  G2. Equipment layout G3. Equipment utility requirement e-vectors 
G1. List of equipment 1 1 2 0.411  
G2. Equipment layout 1 1 1 0.328  
G3. Equipment utility requirement  1/2 1 1 0.261  
  2.500  3.000  4.000  1.000  
    λmax=3.054    C.I.=0.027<0.1 
Table 4. IGBP-PDRI Section and Category Weights 
Section Weights  Category Weights 
SECTION Weights  Category Weights 
SECTION 2. Project design 390  G. Project equipment 144 
SECTION 1. Organization and project strategy 266  J. Project transfer 129 
SECTION 4. Project transfer for performance evaluation 202  B. Project strategy 101 
SECTION 3. Project planning and control 142  F. Intelligent green building design 91 
Total 1000  E. Project design 90 
     C. Pre-project thinking 88 
     A. Corporate environment analysis 77 
     H. Project action plans 76 
     K. Project performance 73 
     I. Project control 66 
     D. Project requirements 65 
4. Case Study for testing the IGBP-PDRI evaluation model 
The CAL Park development project at Taoyuan International Airport in Taiwan is used as the case study in this 
research. The organization’s evaluation personnel should consider the limitations, timing and process of evaluation, 
and the data documents and formats necessary for the evaluation. The timeline for the operation of the IGBP-PDRI 
evaluation model can be divided into three evaluation points on the basis of the project lifecycle. These evaluation 
time points are shown in Figure 4. 
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Fig.4. IGBP-PDRI Time Line with PDRI Evaluation Points 
Pre-project planning assessment, is taken as an example. Section 1 includes Categories A, B, and C, and are the 
first time point for assessment under the Time Line with PDRI Evaluation Points. Audit on pre-project planning has 
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been carried out step-by-step as shown in Figure 4, and assessment is entered into the scoring sheet for adding up the 
scores. Tasks without completion of definition will get higher scores. Table 5 clearly shows the assessment result 
after the weighting. In A3, A4, C2, and C3, the results showed some of the tasks have not yet completed in 
definition, implying that the project is bound to face a certain level of risk in the execution process, or there will be 
problems. As this point, solution or corrective action plan must be presented. 
Table 5. IGBP-PDRI Weighted Calculation Sheet 
5. IGBP-PDRI result analysis 
As defined by CII in the scoring of the PDRI evaluation model, when the PDRI score 200, then there is a 
higher probability of the project attaining its goals. If the score >200, the reverse is true, where the N value 
represents the assessment quantity of buildings. In this study, the total score is 126, which is clearly less than 200. 
The attainment rate of the progress, cost, and design change budget performance of this case under the original CII 
PDRI building evaluation performance model is shown in Table 6. 
As shown in Table 7, these items with target values are established to comply with the requirements of the 
intelligent building mark as the bases for comparing project implementation performance, the energy efficiency ratio 
at the completion of the project, and the recycling rate over the course of construction, will be subject to 
performance evaluation in overall project management performance. These items for evaluation include the plan 
review, the work plan review, the health and safety audit pass rate, the construction inspection pass rate, and the 
material testing pass rate. These items will also be subject to evaluation as the foundation of the project execution 
performance. 
Table 6. IGBP-PDRI progress, cost, and design change execution performance 
Performance 
PDRI Score   
Target Value < 200 Difference 
Cost 3% below budget 2% below budget +1.8% 
Schedule 0% 3% ahead of schedule +3% 
Change orders 5% 2% of budget 1.7% 
  (N=3) (N=3)   
SECTION 1. Organization and project strategy  
 Definition Level  
0 1 2 3 4 5 Score 
A. Corporate environment analysis (Maximum = 77) 
A1. Industry environment analysis 0 1 4 7 11 14 1 
A2. Resource characteristic analysis 0 1 5 9 14 18 1 
A3. General environment analysis  0 1 6 12 18 23 6 
A4. Core competence  0 1 3 5 8 10 5 
A5. Business plan 0 1 3 6 9 12 1 
CATEGORY A TOTAL 14 
B. Project strategy (Maximum = 101) 
B1. Project goals 0 1 8 16 24 31 1 
B2. Risk assessment  0 1 4 8 12 15 1 
B3. Financial risk 0 1 4 8 12 15 1 
B4. Project SWOT analysis 0 1 6 11 17 22 1 
B5. Project risk impact analysis 0 1 5 9 14 18 0 
CATEGORY B TOTAL 4 
C. Pre-project thinking (Maximum = 88) 
C1. Selection of construction site 0 1 7 14 21 28 1 
C2. Feasibility study 0 1 4 7 11 13 4 
C3. Project planning  0 1 8 15 23 29 8 
C4. Investment estimation  0 1 5 9 14 18 1 
CATEGORY C TOTAL 14 
Section 1 Maximum Score = 266 SECTION 1 TOTAL 32 
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Table 7. IGBP-PDRI project execution performance 
6. Conclusions 
In this study, the IGBP-PDRI evaluation model was built by integrating the basic design requirements and 
evaluation under the intelligent and green building label accreditation in Taiwan. This model could be used as a 
reference for subsequent development of pre-project planning in intelligent green building projects, which is 
pioneering work in Taiwan. This study has taken into consideration the specific features in the management of 
construction projects in Taiwan, and integrated all work items at different phases in the lifespan of construction 
projects. This research could thus be used as a platform for the joint action of all stakeholders at the preliminary 
planning stage. The empirical findings indicate that this model can help to forecast, prevent, and reduce possible 
risks deriving from the execution of projects. Through the IGBP-PDRI evaluation model, the scope of green 
building project management can be completed defined, thus helping to support the overall project execution results. 
Furthermore, it also improves the probability of the project attaining its goals.  
Many studies in the past tended to integrate construction project management operations and other evaluation 
models, but they could not consider the overall content and process of the operations. In most construction projects, 
only the cost, progress, scope, performance and effects are considered. However, the scope of construction project 
management operations includes both qualitative and quantitative data. If only quantified data are used in assessing 
the performance, the qualitative content can be easily overlooked. The use of the IGBP-PDRI evaluation model is 
thus based on a weighted scoring sheet to solve these shortcomings. This model thus performs very well, 
particularly at the pre-project planning stage. 
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